Abstract-Diabetes affects hundreds of millions of people globally, and is a leading cause of death and disability worldwide. Patients must regularly monitor their blood glucose concentration to manage the disease. A non-invasive way of glucose monitoring using biosensor has emerged as an alternative technique. This work describes a contemporary approach of using patch antenna sensor in estimating the glucose level in blood. Focus of this work is to perform the simulation of sensor design using finite element analysis software, CST Microwave Studio. The geometry of sensors have been simulated where the results show the optimal design of feedline length was 11.25 mm at 1.98 GHz. The optimal design was then simulated in COMSOL Multiphysics for evaluating frequency shift in different medium permittivity of air, water and blood. The increase of permittivity will result in decrease of resonance frequency.
I. INTRODUCTION
Diabetes Mellitus is a disease that become a major health concern in society today and a disease that common in worldwide [1] . In Malaysia this disease affects 17.5% or 3.5 million of its population. Treatment of diabetes places a heavy burden on the economy of the country, with an estimated RM 2.4 billion spent on diabetes related health care in 2010 [2] . Diabetes Mellitus can be categories into Type 1 and Type 2. Type 1 diabetes mellitus occurs when insulin cannot be produced in the body to control the level of blood glucose. Type 2 diabetes mellitus which is common, occurs when not enough insulin is produced or when the insulin in the body is not working efficiently. Diabetes has been linked with other health problems, including heart disease and stroke, kidney disease, nerve damage and vision loss. Such complications can result in retinopathy leading to blindness, can lead to amputation of feet and legs, neuropathies (nerve disorder), cardiovascular diseases or even cancer [3] .
Controlling and monitoring the level of glucose in blood, which is known as disease marker, has been reported to prolong the life expectancy of diabetic patient. Using this method, the effect of both hypo-and hyperglycaemia can be better controlled which prevent several devastating side effects [4] . Moreover, monitoring of glucose can be used to optimize strategies for patient treatment while providing good insights of the effect of medication, diet and exercise on patients [5] .
The existing sensor to measure blood glucose was fingerpricked biosensor, invasive blood glucose sensing where required blood to be extracted from the patient before testing. It has a single use disposable electrode with glucose oxide and derivatives of a mediator (Ferrocence) and the shape of the blood glucose biosensor looks like a pen.
A microstrip patch antenna is a metallic strip or patch mounted on the dielectric layer (substrate) over a ground plane. This sensor is useful for high performance in extreme application such as satellite, missiles and cellphone. The advantage of the patch antenna sensor is it simple and inexpensive to fabricate, mechanically robust and very versatile. In this paper, the document is organized as follows: next section is about patch antenna sensor design. Section 3 provides the simulation of the sensor using CST software, while Section 4 is the conclusion and discussion of the research.
II. SENSOR DESIGN

A. Patch Antenna
Microstrip or patch antennas are becoming increasingly useful because they can be printed directly onto a circuit board. Microstrip antennas are becoming very widespread within the mobile phone market. Patch antennas are low cost, have a low profile and are easily fabricated.
The sensor was design as a square patch antenna on a Flame Retardant 4 (FR4) substrate which is the same board for electronic circuitry. The FR4 printed circuit board of thickness 1.57mm, with relative permittivity of 4.7, loss tangent 0.014. Copper was use as the material for patch antenna, microstrip transmission line and ground plane because of the high electrical conductivity [6] . The design for fabricated sensor illustrated in figure 1. The patch has a length L, width W, and sitting on top of a substrate (dielectric circuit board) of thickness H with permittivity, . Typically, the height h is much smaller than the wavelength of operation but should not be much smaller than 0.025 of a wavelength (1/40th of a wavelength) or the antenna efficiency will be degraded. The patch also has the length of feed line, Fi where the formula is Fi=6h/2. The rest formula of the patch antenna is state below:
The input impedance of an inset-fed rectangular patch varied as a Cos4 function of the normalized inset depth [7] . The gap between the patch and the inset fed (Gpf) usually at 1 mm. The input impedance is 50 and the width of the microstrip feed line, Wf is 2.932 mm. Lg and Wg is the length and width of substrate respectively. Ht is the thickness of copper patch and Hs is thickness of FR4 board. The parameter of the design is shown in table 1. Quality factor or Q factor of certain electrical components and devices is a measure of the relationship between stored energy and the rate of energy use, that gives an indication of their efficiency [8] . ( 6 ) The basic Q or quality factor equation is based upon the energy losses within the inductor, circuit or other form of component.
III. SIMULATION
In this work, it is crucial to model the sensor structure via the finite element analysis which uses a computational software to investigate the patch antenna structure, material and design. Many applications which involve the investigation of patch antenna uses the finite element analysis to model their designs.
The simulation has been conducted in CST Microwave Studio. It is crucial to simulate the initial result by a software which can visualize the frequency response of the patch antenna sensor. CST can simulate any antenna-like structure at high frequency in which will help us to validate the proposed theory of changes in frequency response. Simulation CST design of patch antenna COMSOL Multiphysics software have been used to model the patch antenna structure due to its capability to solve partial differential equations (PDEs). COMSOL Multiphysics is one of the finite element solver software which have been used in wide engineering field, majorly in coupling phenomena, electrostatics and multiple physics environment. Thus, CST is used for simulation of the antenna design analysis only and COMSOL is the analysis of the sensor with other condition such as air, water and blood.
COMSOL Multiphysics was used to determine the frequency response and graph when the sensor is placed in water and in blood. The patch antenna was design in COMSOL using the parameter shown in Table 2 . The permittivity and conductivity of this material are shown in Table 3 . These variations in the permittivity would initially change the frequency response on the patch antenna [9] . Thus, the blood glucose can be characterized and estimated by the change in frequency response of the patch antenna. To validate the sensor performance using simulations, was measured by varying the feedline length and the width and length of the patch antenna. For this part simulation has been done in the CST software and after that COMSOL Multiphysics was used to simulate the sensor's reaction with water, blood and glucose solution. Figure 3 shows the design implemented on COMSOL. The feedline length was varied according to the parameters shown in Table IV and the S-parameter results are shown in Figure  4 . The results show varying losses as well as varying widths of the curve with different feedline length. The Qfactor for each design was also calculated based on Equation (6) and are shown in Table IV . High Q-factors, indicate sharper dips making them more sensitive to permittivity changes. From Fig. 4 and Table IV it can be seen that the 11.25 mm feedline shows the highest Q-factor value at the minimum frequency, fo which is 1.958 GHz. Next the length of the square patch antenna were varied from 27.5 mm to 35 mm. The graph in Figure 5 shows the CST results of varying the shape of the patch antenna at 27.5 mm, 30 mm, 32.5 mm and 35 mm. Correspondingly, the frequency was varied from 2.62 GHz, 2.38 GHz, 2.19 GHz and 2.04 GHz respectively. Thus, when the size of the patch antenna increases, the frequency will decrease. Based on the result from the CST Microwave Studio, the best parameter of the patch antenna was selected and simulated in the COMSOL Multiphysics, In these simulations, the frequency response of the sensor in different material water and blood are evaluated. The material properties are detailed in Table III . The results are shown in Figure 6 . As the value permittivity of the substance differ, the frequency response will also change. There are lower losses with lower permittivity values. This result shows good agreement with the previous reported works [10] . Based on this result, it can determine the blood glucose concentration through the different permittivity of blood.
V. CONCLUSION
In this paper, a non-invasive sensor for blood glucose monitoring has been simulated. The patch antenna sensor was designed with the CST Microwave Studio to find the frequency response. The results show that when the feedline of the sensor is increased higher Q factors are obtained. The CST simulation results show that the feedline of 11.25 mm displays the highest Q factor. These parameters were then simulated in COMSOL when the sensor is placed in liquid or air with different permittivities. Based on these results, it can be shown that the sensor is sensitive to changes in permittivities and therefore has the potential to be used as a blood glucose sensor. It can be used to determine the blood glucose concentration through detection of different blood permittivities. As the value permittivity of the substance differ, the frequency response will also change. Future work includes fabrication and testing of these sensors.
